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HIGHLY-EFFICIENT, SELF-INACTIVATING, 
RECOMBINATION-FREE, U3-FREE RETROVIRAL VECTORS 



Background of the invention 



Field of the Invention 



This invention relates to recombination-free, highly-efficient 
retroviral vectors that self-inactivate after one round of retroviral replication. The 
present vectors allow cell-type specific gene expression firom tissue specific 
promoters and enhancers. The recombination-free retroviral vectors eliminate risks 
of downstream activation of cellular proto-oncogenes (tumorigenesis) that can occur 
with conventional vectors. This invention also relates to a retrovirus produced by 
the recombinant retrovirus vector and a host cell containing the provirus of the 
present invention. 



Description of the Background 

The disclosures referred to herein to illustrate the background of the 
invention and to provide additional detail with respect to its practice are 
incorporated herein by reference. For convenience, the disclosures are referenced 
in the following text and respectively grouped in the appended bibliography. 

Retroviral vectors are the most efficient tools to introduce genes into 
vertebrate cells. Clinical experiments have been conducted to use retrovirus vectors 



WO 94/29437 



PCT/US94/06415 



to cure a genetic disease in humans (adenosine deaminase (ADA) deficiency). 
Besides correcting inborn errors of metabolism, gene therapy is also being tested in 
clinical trials to cure cancer and various other diseases (Science 1992, Vol. 258, pp. 
744-746). 

5 

Retroviral vectors are basically retroviral particles that contain a 
crippled viral genome in which all viral protein coding sequences have been 
replaced with the gene(s) of interest. As a result, such viruses cannot further 
replicate after one round of infection without the help of a helper virus. Retroviral 

10 vector particles are produced by helper cells (Figure 1). Such helper cells contain 
plasmid constructs which express all retroviral proteins necessary for particle 
production and replication. After the introduction (transfection) of the retroviral 
vector genome into such helper cells, the vector genome (an RNA genome) is 
encapsidated into virus particles (due the presence of specific encapsidation 

15 sequences). Virus particles are released from the helper cell carrying a genome 
containing only the gene(s) of interest (Figure 1). After infection of a fiesh target 
cell, the RNA genome is reverse transcribed into DNA. The DNA copy is 
integrated into the host genome (Figure 2A). The integrated viral DNA is called 
the provirus. In the last decade, several retroviral vector systems, derived from 

20 chicken or murine retroviruses, have been developed for the expression of various 
genes (for reviews see Temin, 1987; Gilboa, 1990). 

Retroviral vectors have several limitations. For example, one major 
concern is the possible activation of proto-oncogenes as a result of the integration of 

25 the vector into the target cell genome. The activation of proto-oncogenes which is 
mediated by the viral LTR (Long Terminal Repeats) promoter and enhancer can 
lead to the malignant transformation (cancer) of the infected cell. Another problem 
with current retroviral vectors is regulated gene expression. Due to the presence of 
the retroviral LTR promoter and enhancer, it is impossible to design reliable vectors 

30 for tissue specific gene expression. 

To avoid these two shortcomings, retroviral vectors have been 
developed from murine leukemia virus (MLV) and spleen necrosis virus (SNV) that 
self-inactivate after one round of retroviral replication (Yu et al, 1986; Dougherty 
35 and Temin, 1987; United States patent no. 4,980,289 to Temin et al.). This has 
been achieved by deleting parts or almost all sequences of the retroviral U3 region 
of the right LTR (Figure 2B). As a result of the mechanism of the retroviral life- 
cycle, after one round of replication, a retroviral provirus is formed that does not 
contain LTR promoters. 
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However, in the case of MLV derived vectors, the efficiency of gene 
transduction was about four orders of magnitude less than that of a vector with two 
complete LTRs. In the case of SNV, efficiency of gene transduction decreased 
5 only about tenfold. However, detailed investigations revealed that the U3-region of 
the right LTR was reconstituted in the helper cell (Olson et al., 1992). This 
reconstitution of the U3-region was the result of recombination (or gene conversion) 
of the vector with retroviral sequences present in the helper cell or in the other 
LTR. 

10 

To prevent such recombination events, new SNV-derived helper cells 
were constructed that express retroviral particle proteins from promoters and 
enhancers different from those present in the retroviral genome. Such new helper 
cells were termed DSN cells. DSN cells contain two separate plasmids for the 

15 expression of gag-pol and env proteins (Dougherty and Temin, 1989). One plasmid 
contains the gag-pol gene of SNV which is expressed from the CMV promoter. 
The other plasmid contains the envelope gene unit of SNV which is expressed from 
the RSV promoter. Experiments performed with these new helper cells and SNV 
derived U3-minus vectors (e.g., pID220SVHY, see Figure 3) revealed that the 

20 frequency of the recombination event(s) leading to a vector with two wild-type 
LTRs was markedly reduced. However, vectors containing two wild-type LTRs 
were still recovered from transfected DSN helper cells (Dougherty et al., 1989). 
This finding showed that the (unaltered) U3-region of the left LTR of the vector 
construct can also serve as a template for the recombination (or gene conversion) 

2 5 event resulting in the reconstitution of the U3-region of the right LTR. 



Brief Description Of The Figures 

30 

FIGURE 1 is a diagram illustrating retroviral helper cells producing 
recombination-free, self-inactivating retroviral vectors. 

FIGURE 2 is a diagram illustrating retroviral vector replication. 

35 

FIGURE 3 is a diagram illustrating retroviral vectors derived from 
spleen necrosis virus (SNV). 
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FIGURE 4 is a diagram illustrating the nucleotide sequences at the 
junction of the cytomegalovirus (CMV) with spleen necrosis virus sequences as 
present in the pPOll 1 and pP0115 vector series. 

5 

Summary Of The Invention 

The present invention pertains to a recombinant retrovirus vector 
10 having a U3-free 5' LTR, a partially deleted 3' LTR, all essential cis-acting 
sequences for replication, an internal promoter recognizable by a selected host cell, 
and a non-retroviral gene under the control of the recognized promoter wherein: 

(a) the U3-ftee 5* LTR is positioned 5' of the non-retroviral gene 
and has a transcriptional promoter and enhancer different from that of the original 

15 retroviral promoter and enhancer replacing the original U3 region of the 5'LTR; 

(b) the partially deleted 3' LTR is positioned 3' of the non-retroviral 
gene and has no U3 sequences except for those required at the attachment site for 
viral integration; 

(c) an exogenous polyadenylation addition signal sequence 
20 recognized by the selected host cell and positioned on the vector 3* to the 3 1 LTR 

viral integration site; and 

(d) the internal recognized promoter is positioned adjacent to the 
non-retroviral gene on the vector to permit expression of the non-retroviral gene in 
the host cell; 

25 whereby the vector can produce progeny virus in a helper cell with 

the progeny virus being capable of infecting the selected host cell and forming a 
provirus in the host cell, with the non-retroviral gene being expressible in the host 
cell, but the provirus in the host cell will be replication incompetent even in the 
presence of a helper virus. 

30 

The present invention also pertains to a retrovirus produced by the 
recombinant retrovirus vector and a host cell containing the provirus of the present 
invention. 

35 
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Detailed Description Of The Invention 

This invention relates to recombination-free, highly-efficient 
retroviral vectors that self-inactivate after one round of retroviral replication. The 
vectors allow cell-type specific gene expression from tissue specific promoters and 
enhancers and eliminate risks of downstream activation of cellular proto-oncogenes 
(tumorigenesis) that can occur with conventional vectors. The present self- 
inactivating vectors eliminate the problems of recombination and give rise to high 
gene transfer efficiency, up to 1,000 fold higher than that of existing self- 
inactivating vectors. The vectors described herein are derived from spleen necrosis 
virus but vector modification may be made with any retroviral vector leading to 
similar results. Thus, the novel vectors have a high potential for use in human gene 
therapy and in other gene transfer applications in which the cell-type specific gene 
expression is required, e.g., tissue specific gene expression in transgenic animals. 

To eliminate vector recombination and improve the efficiency of 
gene transduction, two modifications were made to a self-inactivating retroviral 
vector. First, the U3 region of the left LTR was replaced by the immediate early 
gene promoter and enhancer of the cytomegalovirus (CMV, Figures 3 and 4). This 
promoter was shown to be the strongest among a series of promoters tested for gene 
expression in a large variety of cell-types including the SNV promoter in D17 cells. 
In order not to abolish retroviral replication, the substitution of the U3 promoter by 
the CMV promoter was done in such a way that initiation of transcription started at 
the beginning of R as in the wild-type virus. In particular, if RNA transcription is 
initiated upstream of the original initiation site, first strand cDNA synthesis would 
result in a cDNA product abolishing replication. It may be transferred and 
hybridize to the R-region of the second RNA molecule. However, such a cDNA 
most probably could not function as a primer, since the immediate 3' nucleotides of 
that cDNA would not find homologous sequences for hybridization. Since the 
precise initiation of transcription was difficult to predict, three constructs 
(designated as pPOlll-Rl, pP0111-R2, and pP0111-R3) were made in which 
variable amounts of the U3 nucleotides upstream of the first nucleotide of R were 
retained (Figures 3 and 4). The function as well as frequencies of recombination of 
these constructs was tested as described earlier (Dornburg and Temin, 1988; Olson 
et al., 1992) and as described below. Second, the encapsidation region, as present 
in previous SNV derived vectors, was extended. Such additional sequences 
increase the efficiency of encapsidation of the vector genome into retroviral 
particles (Embretson and Temin, 1987). 
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In one embodiment of the present invention, the vector is a 
recombinant retrovirus vector having a normally replication incompetent retrovirus 
gene sequence with a foreign eukaryotic gene. The retrovirus gene sequence is 
5 prepared with a deficiency in the retrovirus promoter so that the vector can still 
produce progeny virus in a helper cell, with the progeny virus being capable of 
infecting a selected eukaryotic host cell, forming a provirus, and expressing the 
eukaryotic gene in the host cell, but the provirus will be defective in the retrovirus 
promoter sequence. Preferably, the vector is a recombinant plasmid. In another 

10 embodiment, a foreign internal promoter is positioned adjacent to the foreign 
eukaryotic gene on the vector to permit expression of the foreign eukaryotic gene in 
the eukaryotic host cell without initiating retroviral provirus gene expression. In 
one form, the reading direction of the foreign promoter is inverted relative to the 
normal reading direction of the retrovirus gene sequence, and a foreign 3' RNA 

15 processing sequence is positioned on the side of the foreign eukaryotic gene 
sequence which is opposite to the foreign promoter. In another embodiment, the 
retrovirus is a normally replication incompetent retrovirus of the type having a 
retrovirus portion and a foreign eukaryotic portion , the retrovirus portion having a 
deficient promoter portion, such that the virus is capable of infecting a eukaryotic 

20 host cell, forming a provirus, and expressing a eukaryotic protein coded for by the 
foreign eukaryotic portion in the host cell, but the provirus will be defective in a 
retrovirus promoter such that retroviral provirus gene expression doesn't take place 
in the host cell. 

25 The present invention allows one to select a eukaryotic gene of 

interest, insert the gene into a vector designed in accordance with the present 
invention, transfect a helper cell with the vector, harvest virus stock from the helper 
cell, use the harvested progeny virus to infect a target cell, and have the proviruses 
which are formed in the target cells express the inserted eukaryotic gene without 

30 expressing any retroviral proteins. Since there is no retroviral promoter that is 
active on the provirus, endogenous helper proteins cannot trigger production of a 
virus from the provirus. Since there is no retroviral promoter in the provirus, the 
provirus cannot provide a retrovirus signal that might trigger the host cell to act in 
an unintended way. The lack of retroviral promoter stops production of retroviral 

35 RNA. This system raiders much more likely the acceptability of recombinant 
retrovirus as drugs for vertebrates. 

In the present invention, the enhancer and the promoter sequences of 
the retrovirus present at U3 in SNV have been deleted from the right side of the 
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DNA sequence in the plasmid vector (3* LTR). Only the sequences required at the 
attachment site for viral integration in the 3 1 LTR are present. The U3 5' LTR has 
a transcriptional promoter and enhancer different from that of the original retroviral 
promoter and enhancer to replace the original U3 region of the 5'LTR* The total 
5 lack of homology in the two U3 sequences prevent recombination. The U3 
sequence normally present in the 5 1 LTR has been reported to be used as a template 
to repair a partially deleleted U3 sequence in the 3' LTR. By eliminating the U3 
sequence in the 5' LTR, the template for repair of the partially deleleted U3 
sequence in the 3' LTR is also eliminated. The vector DNA is used to transfect 

10 helper cells in a conventional manner. Because transcription from the vector begins 
at R on the left side, and because the romoter on the left side is not defective, virus 
can be harvested from the transfected helper cell in the conventional manner. 
Target cells can then be infected with the harvested virus. Since the right side U3 
supplies the coding sequences for both U3 segments in the resulting provirus, the 

15 transcriptional promoter which was originally deleted on one side of the plasmid 
DNA shows up as being deleted from both sides in the resulting provirus. The 
vector therefore permits a stock of the retrovirus progeny virus to be grown up, yet 
will not permit further replication after one infection cycle. 

20 If an internal promoter is not inserted, there will be no promoter to 

produce the desired foreign eukaryotic gene expression. Preferably such a 
promoter is positioned immediately adjacent to the foreign eukaryotic of interest so 
that no intervening retrovirus genes RNA is expressed. Because deletion of most of 
the U3 in SNV resulted in a loss of correct 3' end processing of viral RNA, even 

25 though AAUAAA was still present, a polyadenylation site was added to the vector. 
Moreover, problem recombinations are unlikely because the U3 sequences in the 
vector are not homologous. 

Abbreviations used in the present invention are as follows: pro- 
30 promoter; enh-enhancer; PBS-primer binding site for DNA synthesis; PPT- 
polypurine track for DNA synthesis; E-encapsidation sequences for RNA 
packaging; attR+-a sequence that will form the right side of the attachment site 
relating to integration; attL+-the sequence that will form the left side of the 
attachment side relating to integration; attL+-the deletion of the original provirus 
35 left-side attachment site; and attR+-the deletion of the original right side 
attachment site. 

The term "oligonucleotide" as used herein refers to primers, probes, 
oligomer fragments to be detected, oligomer controls, and unlabeled blocking 
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oligomers. Oligonucleotide are molecules comprised of two or more 
deoxyribonucleotides or ribonucleotides. The term "primer" as used herein refers 
to an oligonucleotide, preferably an oligodeoxyribonucleotide, either naturally 
occurring such as a purified restriction digest or synthetically produced, which is 
5 capable of acting as a point of initiation of synthesis when subjected to conditions in 
which synthesis of a primer extension product, which is complementary to a nucleic 
acid strand, is induced, i.e., in the presence of nucleotides, an agent for 
polymerization such as a DNA polymerase, and a suitable temperature and pH. 
The primer must be sufficiently long to prime the synthesis of extension products in 
10 the presence of the polymerization agent. 

FIGURE 1 is a diagram illustrating retroviral helper cells producing 
recombination-free, self-inactivating retroviral vectors. FIGURE 1A shows cells 
(preferentially D17 cells = canine cells) transfected with two different plasmids 
15 expressing the retroviral gag-pol and env genes, respectively. These genes are 
expressed from promoters and enhancers different from the vector long terminal 
repeat LTR promoter and enhancer. FIGURE IB shows that after the transfection 
of the retroviral vector genome into such helper cells, viral particles are produced 
that contain the RNA vector genome with the gene of interest. 

20 

FIGURE 2 is a diagram illustrating retroviral vector replication. 
FIGURE 2A shows an example of a conventional retroviral vector provirus as 
present in the helper cell shown at the top. This vector contains wild-type long 
terminal repeats with full-length U3, R, and U5 regions. RNA transcription yields 

25 the RNA transcript shown below. This RNA contains an encapsidation sequence 
(E) and all other cis-acting sequences necessary for replication (pbs = primer 
binding site, ppt = polypurine tract). After infection of a fresh target cell the 
retroviral genome is reverse transcribed into a double-stranded DNA copy. During 
this process, the U3-region which contains the retroviral promoter and enhancer and 

30 which is present at the 3' end of the RNA genome is duplicated and attached to the 
5' end of the DNA copy. In a similar way, the U5 region, present only at the 5* 
end of the RNA genome, is also duplicated and attached to the 3* end of the DNA 
copy. The double-stranded DNA copy is integrated into the genome of the infected 
cell. Due to the presence of two long terminal repeats which contain the retroviral 

35 enhancer and promoter, tissue specific gene expression cannot be obtained. 
Further, the downstream enhancer and promoter can activate gene expression of 
genes located downstream of the integrated provirus (indicated by an arrow). 
FIGURE 2B illustrates the principle of a self-inactivating retroviral vector. The 
vector present in the helper cell is shown at the top. This vector is almost identical 
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to the one shown above. However, the long terminal repeat at the right side has 
been modified in the following way: most of U3-sequences including the promoter 
and enhancer sequences have been deleted. Maintenance of some U3-sequences 
that form the attachment site (att) is essential for the efficient integration of the 
5 vector genome. The RNA transcribed from the U3-minus vector virus does not 
* contain the retroviral promoter and enhancer. Thus, after one round of retroviral 

replication, a promoter-less retroviral provirus is formed. Genes can be expressed 
from internal tissue-specific promoters (pro). 

10 FIGURE 3 is a diagram illustrating retroviral vectors derived from 

spleen necrosis virus (SNV). The SNV genome (provirus) is shown at the top. An 
example of a standard retroviral derived from SNV is shown below (pJD214HY). 
In all SNV-derived standard vectors, the protein coding regions (gag-pol and env, 
the region from Sail to the 3 1 end of env) have been replaced with the gene(s) of 

15 interest (in pJD214HY with hygromycin resistance gene, referred to as hygro). 
pJD220SVHY is a first generation self-inactivating retroviral vector in which the 
retroviral promoter and enhancer of the right LTR have been deleted (designated as 
U3 minus; for more details, see Figure 2B). To increase efficiency of replication, 
the polyadenylation sequence of simian virus 40 (SV40ter) has been inserted 

20 downstream of the U3-minus LTR. To avoid problems of recombination of first 
generation U3-minus vectors in the pPOl 1 1 vectors, the U3 region of the left LTR 
has been almost completely deleted (except a few nucleotides to guarantee correct 
initiation of transcription) and substituted for the immediate early promoter and 
enhancer of the human cytomegalovirus (CMV, for more details, see also Figure 

25 4). Further, this second generation, U3-free vector contains additional retroviral 
sequences (from Sail to Eagl) to increase the efficiency of encapsidation. A 
universal, second generation U3-free vector (pP0115-Rl) contains a multiple 
cloning site replacing the promote" (SV40pro) and hygromycin B resistance gene 
(hygro) as present in pJD220SVHY and pPOlll-Rl (from Eagl to Clal). The 

30 multiple cloning site has been derived from pBlue script n (Eagl to Clal) and 
allows the easy insertion of various genes and promoters to give new retroviral 
vectors. 

FIGURE 4 is a diagram illustrating the nucleotide sequences at the 
35 junction of the cytomegalovirus (CMV) with spleen necrosis virus sequences as 
present in the pPOlll and pP0115 vector series. An except of the SNV genome 
showing the TATA box and initiation of transcription is shown at the top. The 
Sacl site downstream of the TATA box of the CMV immediate early promoter 
(shaded sequence) was used for cloning to connect the CMV promoter and enhancer 
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to the SNV sequences. pPOHl-R2 and pP0111-R3 are 3 or 9 nucleotides shorter 
than pPOlll-Rl, respectively. 

The function of the new vectors was tested in a tissue culture system 
5 as follows and as described earlier (Olson et al., 1992): The new vector constructs 
pPOlll-Rl, pP0111-R2, and pP0111-R3 were transfected into helper cells. In 
parallel, the retroviral vectors pJD214HY, a standard retroviral vector with two 
complete wild-type LTRs, and pJD220SVHY, the first generation self-inactivating 
vector from which the new vectors have been derived (Figure 3), were also 

10 transfected into helper cell-lines. Transfected cells were selected for hygromycin 
resistance and cell-lines were established. These resulting helper cell lines are 
designated as step 1 cells. Virus was harvested from confluent step 1 cultures and 
fresh helper cells were infected. The infected helper cells were termed step 2 cells. 
Virus titers were determined (Table 1). We show that the new vectors pPOlll-Rl 

15 to pP0111-R3 were more efficient than pJD220SVHY. They were almost as 
efficient as a vector with two wild-type LTRs (pJD214HY). 

To test for recombination, virus particles were harvested from 
confluent step 2 cell cultures (mass infection) and fresh D17 cells were infected. 

20 Detection of hygromycin resistant colonies indicates that recombination 
reconstituted the U3 region: due to the lack of control sequences in RNA 
transcripts derived from completely ID-minus proviruses, such vectors are not 
further passaged by retroviral proteins. Thus, only vectors with complete, repaired 
LTRs are transferred to new target cells. We found that pJD220SVHY was further 

25 passaged with high efficiency confirming earlier findings (Olson et al M 1992). The 
new vectors pPOlll-Rl to R3, however, were not further transferred from step 2 
helper cells (Table 1). These data show that the new vectors are resistant to 
recombination events that reconstitute the LTR region. 
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TABLE 1 



EFFICIENCY OF INFECTIVITY AND RECOMBINATION OF SELF- 
INACTIVATING RETROVIRAL VECTORS DERIVED FROM SNV 

VIRUS TITER (CFO) 



VECTOR NAME 


1. INFECTION 


2. INFECTION 


PJD214HY 


6 X 105 


5 X 106 


pJD220SVHY 


8 X 104 


1 x 103 


pPOlll-Rl 


4 X 105 


0* 


pP0111-R2 


2.5 X 105 


0* 


pPOlll-Rl 


1.5 X 105 


0* 



* No hygromycin resistant colonies were obtained with pPOlll vectors. 

15 

The retroviral vectors (see also Figure 3) were transfected into helper 
cells followed by hygromycin selection. Virus was harvested from confluent 
cultures and fresh helper cells were infected (referred to as first infection). Infected 
cells were selected for hygromycin resistance, and virus titers were determined 

20 (expressed as colony forming units (CFU) per ml of supernatant medium). Cell- 
lines were established from infected tissue culture plates which contained more than 
1,000 independent hygromycin resistant colonies. Virus was harvested from 
confluent cell cultures and fresh D17 cells were infected (referred to as second 
infection). Infected cells were selected for hygromycin resistance and virus titers 

25 were determined. 

Examples 
Materials and Methods 

30 

Plasmid construction. 

The immediate early promoter and enhancer of cytomegalovirus, 
CMV (a 900 bp Hind3 fragment obtained from plasmid pJDCMV19SV, Dougherty 
35 et al. f 1990) was cloned into plasmid pRD15 (described in Sheay et al., submitted 
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for publication). The resulting plasmid was termed pPOlOl. A DNA fragment 
containing most of the LTR, the encapsidation region, and parts of the gag-pol 
region of spleen necrosis virus (a Ball fragment derived from plasmid pSW253, 
described by Watanabe and Temin, 1982) was cloned into the blunted Sacl site of 
pBluescript II KS. The resulting plasmid was termed pPO102. Plasmid pPO102 
was digested with Sacl and re-ligated after treatment with Klenow polymerase 1 
(creation of blunt ends) to eliminate a Sacl site present in the encapsidation 
sequence. The resulting plasmid was termed (pPO102-S). Using PCR technology 
and plasmid pPO102-S as template, three DNA fragments were generated 
comprising slightly different amounts of the SNV R, U5, and encapsidation region: 
a DNA fragment termed Rl comprises map units 383 to 986 of the SNV genome, 
fragment R2 comprises map units 385 to 986, and fragment R3 comprises map units 
392 to 986. All PCR primers contained Sacl recognition sites at their 5' ends. 
After Sacl digestion, fragments Rl, R2, and R3 were cloned into the Sacl site of 
pBluescript H KS. The resulting plasmids were termed pPO103-Rl, pPO103-R2 
and pPO103-R3, respectively. Fragments Rl to R3 were isolated from such 
plasmids and cloned into the Sacl site of pPOlOl. The resulting plasmids were 
termed pPO104-Rl, pPO104-R2, and pPO104-R3, respectively. 

Plasmid pJD220SVHY (Dougherty and Temin, 19986) was digested 
with Sspl and Sacl. After Klenow poll treatment, a linker coding for the 
recognition site of the restriction enzyme Bgl2 was ligated. This procedure 
removed the left LTR promoter, and all of the encapsidation sequences present in 
this vector. The resulting plasmid was termed pPO106. DNA fragments derived 
from plasmids pPO104-Rl, pPO104-R2, and pPO104-R3 comprising the CMV 
promoter, R, U5, and the encapsidation sequence (Bgl2 fragments) were isolated 
and inserted into plasmid pPO106 digested with Bgl2. The resulting plasmids were 
termed pPOlll-Rl, pP0111-R2, and pP0111-R3, respectively. The universal 
retrovirus vectors pP0115-Rl and PPOl 15-R2 were made by replacing the SV40 
promoter and hygromycin B phosphotransferase gene of pPOlll-Rl and pPOlll- 
R2 (Eagl to Clal fragment) with the multiple cloning site (Eagl to Clal) of 
pBluescript II KS. 
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DNA sequence pPOlll-Rl 5528 b.p. complete sequence; 

CAGATCTGAGCT TGCCATTGCAT ACGTT GT ATCCAT AT CA T AATAT GT A CAT T TATAT T GGCTCA 

TGTCCAACAT TACCGCCATGTTGACATTGATT AT TGACTAGT T AT T AA T AGT AATCAA T T ACGGG 
5 GTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTG 

GCTGACCGCCCAACGACCtXCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCA 

ATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACA 

TCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGC 

ATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATC 
10 GCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACG 

GGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGG 

ACTTTCCAAAATCTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGG 

GAGGTCTATATAAGCAGAGCTCATCTCTTGCTCGGGGTCGCCGTCCTGCACATTGTTGTTGTGAC 

GTGCGGCCCAGATTCGAATCTGTAATAAAACTTTTTTTTTTCTCAATCCTCAGATTGGCAGTGAG 
15 AGGAGATTTTGTTCGTGGTGTTGCCTGGCCTACTGGGTGGGCGCAGGGATCCGGACTGAATCCGT 

AGTACTTCGGTACAACATTTGGGGGCTCGTCCGGGATACCCTCCCCATCGGCAGAGGTGCCAACT 

GCTTCTTCGAACTTTCTTCGAACTCCGGCGCCGGTGAGTTAAGTACTTGATTTTGGTACCTCGCG 

AGGGTTTGGGAGGATCGGAGTGGTGGCGGGACGCTGCCGGGAAGCTCCACCTCCGCTCAGCAGGG 

GACGCCCTGACCTGAGCTCGAATTCAGATCTTGTGGTATCTGATTGTTGTTGAGCCGTCCCTAAG 
20 ACGGTGATACTAAGTCGTGGCTTGTGTGTTTGTTTGTTGCCTTGTGTTTGTTCGTCGTTTGTCGA 

CAGCGCCTTGCGAATTGGTGTACCCACACCGCGCGGCTTGCGAATAATACTTTGGAGAGCCTTTT 

GCCTCCAGTGTCTTCCGTCTGTACTCGTCCTCCTCTCCCTCTCCGGCCGGGAGAGCTCGCCCGGG 

GATCCTCTAGTATGGTGCACTCTCAGTACAATCT6CTCTGATGCCGCATAGTTAAGCCAGTATAC 

ACTCCGCTATCGCTACGTGACTGGGTCATGGCTGCGCCCCGACACCCGCCAACACCCGCTGACGC 

2 5 GCCCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCT 

GCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGGCAGCTGTGGAATGTGTGTCAG 
TTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTA 
GTCAGCAACCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACC 
ATAGTCCCGCtXCTAACTTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCC 

3 0 CCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCC 

AGAAGTAGTGAGGAGGCTTTrTTGGAGGCCTAGGCTTTTGCAAAAAGCTCTAGAGTCGACCTGCA 

GCCCAAGCTGATCCCCGGGGGCAATGAGATATGAAAAAGCCTGAACTCACCGCGACGTCTGTCGA 

GAAGTTTCTGATCGAAAAGTTCGACAGCGTCTCCGACCTGATGCAGCTCTCGGAGGGCGAAGAAT 

CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATATGTCCTGCGGGTAAATAGCTGCGCCGAT 
35 GGTTTCTACAAAGATCGTTATGTTTATCGGCAC TTGCATCGGCCGCGCTCCCGATTCCGGAAGT 

GCTTGACATTGGGGAATTCAGCGAGAGCCTGACCTATTGCATCTCCCGCCGTGCACAGGGTGTCA 

CGTTGCAAGACCTGCCTGAAACCGAACTGCCCGCTGTTCTGCAGCCGGTCGCGGAGGCCATGGAT 

GCGATCGCTGCGGCCGATCTTAGCCAGACGAGCGGGTTCGGCCCATTCGGACCGCAAGGAATCGG 

TCAATACACTACATGGCGTGATTTCATATGCGCGATTGCTGATCCCCATGTGTATCACTGGCAAA 
40 CTGTGATGGACGACACCGTCAGTGCGTCCGTCGCGCAGGCTCTCGATGAGCTGATGCTTTGGTCC 

GAGGACTGCCCCGAAGTCCGGCACCTCGTGCACGCGGATTTCGGCTCCAACAATGTCCTGACGGA 

CAATGGCCGCATAACAGCGGTCATrGACTGGAGCGAGGCGATGTTCGGGGATTCCCAATACGAGG 

TCGCCAACATCTTCTTCTGGAGGCCGTGGTTGGCTTGTATGGAGCAGCAGACGCGCTACTTCGAG 

CGGAGGCATCCGGAGCTTGCAGGATCGCCGCGGCTCCGGGCGTATATGCTCCGCATTGGTCTTGA 

4 5 CCAACTCTATCAGAGCTTGGTTGACGGCAATTTCGATGATGCAGCTTGGGCGCAGGGT CGATGCG 

ACGCAATCGTCCGATCCGGAGCCGGGACTGTCGGGCGTACACAAATCGCCCGCAGAAGCGCGKC 
GTCTGGACCGATGGCTGTGTAGAAGTACTCGCCGATAGTGGAAACCGACGCCCCAGCACTCGTGG 
GATCAGCTTGGCACTGGAATTAATTCTCATGTTTGACAGCTTATCATCGATAAGCTCTAGGTCAA 
TGGTTTGACCAGAACATACAAGAGCAGTGGGGAATGTGGGAGGGCCTCGAGGTCGGGGTCGCCGT 
50 CCTACACATTGTTGTTGTGACGTGCGGCCCAGATTCGAATCTGTAATAAAACCTTTTTTTAACTG 
AATCCTCAGATTGGCAGTGAGAGGAGATTTTGTTCGTGGTGTTGGCTGGCCTACTGGGTGGGCGC 
AGGGATCGATCCAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGT 
6AAAAAAATGCTTTATTTGT6AAATTT6TGATGCTATTGCTTTATTTGTAACCATTATAA6CT6C 
AATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGA 

5 5 GGTTTTTTAAAGCAAGTAAAACCTCTACAAATCAAGCTGATCCCTGCCTCGCGCGTTTCGGTGAT 

GACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGC 
CGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCGCAGCCATGA 
CCCAGTCACGTAGCGATAGCGGAGTGTATACTG6CTTAACTATGCGGCATCAGAGCAGATTGTAC 
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T6AGA6T6CACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGG 

CGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATC 

AGCTCACTCAAACGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGT 

GAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGC T GGCGTTTT T CCATAGG 
5 CTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGG 

ACrATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGC 

CGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGC 

TGTAGGTATCTCAGTTCGGT6TAGGTCGTTC6CTCCAAGCTGGGCTGTGTGCACGAACCCCCCGT 

TCAGCCCGACC6CTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACT 
1 0 TATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACA 

GAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCT 

GCTGAAGCCAGTTACCTTCGGAAAAAGAGrTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTG 

GTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGAT 

CCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGT 
15 CATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAA1TAAAAATGAAGTTTTAAATCAA 

TCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATC 

TCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGAT 

ACGGGAGGGCTTACCATCTGGCCCCAGrGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTC 

CAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTA 
20 TCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAG 

TTTGCGCAACGTTGTTGCCATTGCTGCAGGCATCGTGGTGTCACGCTCGTCGTTrGGTATGGCTT 

CATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCG 

GTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTrGGCCGCAGTGTTATCACTCATGGT 

TATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTG 
25 AGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCA 

ACACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTC 

GGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGrTCGATGTAACCCACTCGTGCAC 

CCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAA 

AATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCA 
30 ATC 



DNA sequence pP0111-R2 5525 b.p. complete sequence; 

35 CAGATCTGAGCTTGCCATTGCATACGTTGTATCCATATCATAATATGTACATrTATATTGGCTCA 
TGTCCAACATTACCGCCATGTTGACATTGATTATTGACTAGTTATTAATAGTAArCAATTACGGG 
GTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAArGGCCCGCCTG 
GCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCArAGTAACGCCA 
ATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACfTGGCAGTACA 

40 TCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGC 
ATTATGCCCAGTACATGACCTTATGGGACnTCCTACTTGGCAGTACATCTACGTATTAGTCATC 
GCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGfTTGACTCACG 
GGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGG 
ACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGG 

45 GAGGTCTATATAAGCAGAGCTCTCTTGCTCGGGGTCGCCGTCCTGCACATTGTTGTTGTGACGTG 
CGGCCCAGATTCGAATCTGTAATAAAACTrTTTTTTTTCTGAATCCTCAGATTGGCAGTGAGAGG 
AGATTTTGTTCGTGGTGTTGCCTGGCCTACTGGGTGGGCGCAGGGATCCGGACTGAATCCGTAGT 
ACrTCGGTACAACATTTGGGGGCTCGTCCGGGATACCCTCCCCATCGGCAGAGGTGCCAACTGCT 
TCTTCGAACTTTCTTCGAACTCCGGCGCCGGTGAGTTAAGTACrTGATTTTGGTACCTCGCGAGG 

50 GTrTGGGAGGATCGGAGTGGTGGCGGGACGCTGCCGGGAAGCTCCACCTCCGCTCAGCAGGGGAC 
GCCCTGACCTGAGCTCGAATTCAGATCTTGTGGTATCTGATTGrTGTTGAGCCGTCCCTAAGACG 
GTGATACTAAGTCGTGGCTTGTGTGTTTGTTTGTTGCCTTGTGTTTGTTCGTCGrTTGTCGACAG 
CGCCTTGCGAATTGGTGTACCCACACCGCGCGGCTTGCGAATAATACTTTGGAGAGCCTTTTGCC 
TCCAGTGTCTTCCGTCTGTACTCGTCCTCCTCTCCCTCTCCGGCCGGGAGAGCTCGCCCGGGGAT 

5 5 CCTCTAGTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTATACACT 
CCGCTATCGCTACGTGACTGGGTCATGGCTGCGCCCCGACACCCGCCAACACCCGCTGACGCGCC 
CTGACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCA 
TGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGGCAGCTGTGGAATGTGTGTCAGTTA 
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GGGTGTGGAAAGTCCCCAGGCTCCCCACCAGGCAGAAGTATGCAAAGCATGCATCTCAATTACTC 

AGCAACCAGGCrCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCATA 

GTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCGA 

TGCCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCfCTGAGCTArTCCAGA 
5 AGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCTAGAGTCGACCTGCAGCC 

CAAGCTGATCCCCGGGGGCAATGAGATATGAAAAAGCCTGAACTCACCGCGACGTCTGTCGAGAA 

GTTTCTGATCGAAAAGTTCGACAGCGTCTCCGACCTGATGCAGCTCTCGGAGGGCGAAGAATCTC 

GTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATATGTCCTGCGGGTAAArAGCTGCGCCGATGGT 

TTCTACAAAGATCGTTATGTTTATCGGCACTTTGCATCGGCCGCGCTCCCGATTCCGGAAGTGCT 
10 TGACATTGGGGAATTCAGCGAGAGCCTGACCTATTGCATCTCCCGCCGTGCACAGGGTGTCACGT 

TGCAAGACCTGCCTGAAACCGAACTGCCCGCTGTTCTGCAGCCGGTCGCGGAGGCCATGGATGCG 

ATCGCTGCGGCCGATCTTAGCCAGACGAGCGGGTTCGGCCCATTCGGACCGCAAGGAATCGGTCA 

ATACACTACArGGCGTGATTTCATATGCGCGATTGCTGATCCCCATGTGTATCACTGGCAAACTG 

TGATGGACGACACCGTCAGTGCGTCCGTCGCGCAGGCTCTCGATGAGCTGATGCTTTGGGCCGAG 
15 GACTGCCCCGAAGTCCGGCACCTCGTGCACGCGGATTTCGGCTCCAACAATGTCCTGACGGACAA 

TGGCCGCATAACAGCGGTCATTGACTGGAGCGAGGCGATGTTCGGGGATTCCCAATACGAGGTCG 

CCAACATCTTCTTCTGGAGGCCGTGGTTGGCTTGTATGGAGCAGCAGACGCGCTACTTCGAGCGG 

AGGCATCCGGAGCTTGCAGGATCGCCGCGGCTCCGGGCGTATATGCTCCGCATTGGTCTTGACCA 

ACTCTATCAGAGCTTGGTTGACGGGAATTTCGATGATGCAGCTTGGGCGCAGGGTCGATGCGACG 

2 0 CAATCGTCCGATCCGGAGCCGGGACTGTCGGGCGTACACAAATCGCCCGCAGAAGCGCGGCCGTC 

TGGACCGATGGCTGTGTAGAAGTACTCGCCGATAGTGGAAACCGACGCCCCAGCACTCGTGGGAT 
CAGCTTGGCACTGGAATTAATTCTCATGTTTGACAGCTTATCATCGATAAGCTCTAGGTCAATGG 
TTTGACCAGAACATACAAGAGCAGTGGGGAATGTGGGAGGGCCTCGAGGTCGGGGTCGCCGTCCT 
ACACATT6TTGTTGTGACGT6CGGCCCAGATTCGAATCTGTAATAAAACCTTTTTTTAACTGAAT 
25 CCTCAGATrGCCAGTGAGAGGAGATTTTGTTCGTGGTGTTGGCTGGCCTACTGGGTGGGCGCAGG 
GATCGATCCAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAA 
AAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAAT 
AAACAAGTrAACAACAACAATTGCATTCAT TTTATGTTTCAGGTTCAGGGGGAGGTGT GGGAGGT 
TTTTTAAAGCAAGTAAAACCTCTACAAATCAAGCTGATCCCTGCCTCGCGCGTTTCGGTGATGAC 

3 0 GGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGG 

GAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCGCAGCCArGACCC 
AGTCACGTAGCGATAGCGGAGTGTATACTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGA 
GAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGC 
TCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGC 

3 5 TCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAG 

CAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGT T T TT CC A T AGGCTC 
CGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACT 
ATAAAGATACCAGCCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGC 
TTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGT 
40 AGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCA 
GCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTAT 
CGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAG 
TTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCT 
GAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTA 

4 5 GCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCT 

TTGATCnTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCAT 
GAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCT 
AAAGTATATATGAGTA^CnGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCA 
GCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACG 

5 0 GGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAG 

ATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCC 
GCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTT 
GCGCAACGTTGTTGCCATTGCTGCAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCAT 
TCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTT 
5 5 AGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACrCATGGTTAT 
GGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGT 
ACTGAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAACA 
CGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATT GGAAAACGTT CTTCGGG 
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GCGAAAACTCT CAAGGATCTT ACCGCTGT T GAGATCCAGT TCGA T G T AA C CCACTCG T G CACCCA 
ACTGATCTTCAKATCTTTTACTTrCACCAGCGT TTCT GGGT GAGCAA A AACAGGAA G GCAAAAT 
GCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATC 

5 

DNA sequence pP0111-R3 5519 b.p. complete sequence; 

CAGATCTGA6CTT6CCATTGCATACGTTGTATCCATATCATAATATGTACATTTATATTGGCTCA 
TGTCCAACATTACCGCCATGTTGACATTGATTATTGACrAGTTATTAATAGTAATCAATTACGGG 
10 GTCATTAGTTCATAGCCCATATAT6GAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTG 
GCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCA 
ATAGGGACTTTCCATTGACGTCAAT6GGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACA 
TCAAGTGTATCATAT6CCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATG6CCCGCCTGCC 
ATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATC 
15 GCTATTACCATGGTGATttGGTTTTGGCAGrACATCAATGGGCGTGGATAGCGGTTTGACTCACG 
GGGATTTCCAAGTCTCCACCCCATTGACGrCAATGGGAGTTTGrTTTGGCACCAAAATCAACGGG 
ACTTTCCAAAATGTCGrAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGG 
CAGGTCTATATAAGCAGACCTCTCGCGGTCGCCGTCCTGCACATrGTTGTTGTGACGTGCGGCCC 
AGATTCGAATCTGTAATAAAACTTTTTTTTTTCTGAATCCTCAGATTGGCAGTGAGAGGAGATTT 
20 TGTTCGTGGTGTTGCCTGGCCTACTGGGTGGGCGCAGGGATCCGGACTGAATCCGTA G TACTTCG 

GTACAACATTTG6G6GCTCGTCCGGGATACCCTCCCCATCGGCAGAGGTGCCAACTGCTTCTTCG 
AACTTTCTTCGAACTCC66C6CCGGTGAGTTAAGTACTTGATTTTGGTACCTCGCGAGGGTTTGG 
GAGGATCGGAGTGGTGGCGGGACGCTGCCGGGAAGCTCCACCTCCGCTCAGCAGGGGACGCCCTG 
ACCT6AGCTCGAATTCA6ATCTTGTGGTATCTGATTGTTGTTGAGCCGTCCCTAAGACGGTGATA 
25 CTAAGTCGrGGCTTGTGTGrTTGTTTGTTGCCTTGTGTTTGTTCGtCGTTTGTCGACAGCGCCTT 
GCGAATTGGTGTACCCACACCGCGCGGCTTGCGAATAATACTTTGGAGAGCCTTTTGCCrcCAGT 
GTCTTCCGTCTGTACTCCTCCTCCTCTCCCTCTCCGGCCGGGAGAGCTCGCCCGGGGArcCTCTA 

GTATG6TGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTATACACTCCGCTA 
TCCCTACGTGACTGGGTCAT66CTGC(^^ 

3 0 GGCTTGTCTGCTCCCGGCATCCGCTrACAGACAAGCTGT GACCGTCTCCGGGAGCTGCA TGTGTC 

AGAGGTTTTCACC6TCATCACCGAAACGCGCGAGGCAGCTGTGGAATGTGTGTCAGTTAGGGTGT 

GGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCrCAATTAGTCAGCAAC 

CAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCMTTAGTCAGCAACCATAGTCCCG 
CCCCTAACTCCGCCWTCCCGCCCCTMCTCCGCCCAGTTCCGCCCATTCTTO 

35 ACTAATTTTTTTTATTTATGCA6AGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGT 

GAGGAGGCTTTTrTGGAGGCCTAGGCTTTTGCAAAAAGCTCTAGAGTCGACCTGCAGCCCAAGCt 

GATCCCCGGGGGCWTGAGATAT6AAAAAGCCTGAACTCACCGCGACGTCTGTCGAGAAGTTTCT 

GATCGAAAAGTTCGACAGCGTCTCC6ACCTGATGCAGCTCTCGGAGGGCGAAGAATCTCGTGCTT 

TCAGCTTCGATGTAGGAGGGCGTGGATATGTCCTGCGGGTAAATAGCTGCGCCGATGGTTTCTAC 
40 AAAGATCGTTATGTTTATCGGCACTTTGCATCGGCCGCGCTCCCGATTCCGGAAGTGCTTGACAT 

TGGGGAATTCAGCGAGAGCCTGACCTATTGCATCTCCC6CCGTGCACAGGGT GrCACGT TGCAAG 

ACCrGCCTGAAACCGAACTGCCCGCTGTTCTGCAGCCGGTCGCGGAGGCCATGGATGCGATCGCT 

GC66CCGATCTTAGCCAGACGAGC66GTTCGGCCCATTCGGACCGCAAGGAATCGGTCAATACAC 

TACATGGCGTGATTTCATATGCGC6ATTGCTGATCCCCATGTGTATCACTGGCAAACTGTGATGG 
45 ACGACACCGTCAGTGCGTCCGTC6CGCAGGCTCTCGATGAGCT6ATGCTTTGGGCCGAGGACTGC 

CCCGAAGTCCGGCACCTCGTGCACGC6GATTTCGGCTCCAACAATGTCCTGACGGACAATGGCCG 

CATAACAGC6GTCATTGACTGGAGCGAGGCGATGTTCGGGGATTCCCAATACGAGGTCGCCAACA 

TCTTCrTCTGGACGCCGTGGTTGGCTTGTArGGAGCAGCAGACGCGCTACTTCGAGCGGAGGCAT 

CCGGAGCTTGCAG6ATCGCCGCGGCTCC6GGCGTATAT6CTCCGCATTGGTCTTGACCAACTCTA 
5 0 TCAGA6CTTGGTTGAC66CAATTTCGATGA T G CAGCT TGGGCGCAGGG T CGATGCGAC G CAATCG 

TCCGATCCGGAGCCGGGACT6TCG66CGTACACAAATCGCCCGCAGAAGCGCGGCCG T CTGGACC 
GATGGCTGTGTAGAAGTACTCGCCGATAGTGGAAACCGACGCCCCAGCACTCGTGGGATCAGCTT 
GGCACTGGAATTAATTCTCATGTTTGACAGCTTATCATCGATAAGCTCTAGGTCAATGGrrTGAC 
CA6AACATACAA6AGCAGT6G6GAATGTGGGAGGGCCTCGAGGTCGGGGTCGCCGTCCTACACAT 
55 TGnGTTGTGACGTGCGGCCCAGATTCGAATCTGTAATAAAACCTTTTTTTAACTGAATCCrCAG 
ATTGGCAGrGAGAGGAGArrTTGTTCGTGGTGTTGGCTGGCCTACTGGGTGGGCGCAGGGATCGA 
TCCA6ACATGATAAGATACATT6ATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAJWAAAT 
GCTTTATTrGTGAAATnGTGArGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAA 
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GTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTA 
AAGCAAGTAAAACCTCTACAAATCAAGCTGATCCCTGCCTCGCGCGTTTCGGTGATGACGGTGAA 
AACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAG 
ACAAGCCC6TCAGGGCGC6TCAGCGGGTGTTGGCGGGTGTCGGGGCGCAGCCAT6ACCCAGTCAC 
5 GTAGC6ATAGCGGAGTGTATACTGGCTTAACTATGCG6CATCAGAGCAGATTGTACTGAGAGTGC 
ACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGCTCTTCC 
GCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTC 
AAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAG 
GCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCT GGCGTTTT TCCATA6GCTCCGCCCC 

1 0 CCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAG 
ATACCAGGCGTTTCCCCCT6GAA6CTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCG 
GATACCTGTCCGCCTTTCTCCCTTC6GGAAGC6T6GCGCTTTCTCATAGCTCACGCTGTAGGTAT 
CTCAGTTC6GTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGA 
CCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCAC 

1 5 TGGCA6CAGCCACTGGTAACAGGATTAGCAGAGC6AGGTATGTAGGCGGTGCTACAGAGTTCTTG 
AAGTGGT6GCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCC 
AGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTG 
GTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATC 
TTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCArGAGATT 

2 0 ATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTA 

TATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATC 

TGTCTATTTCGTTCATCCATA6TTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGG 
CTTAC(»TCTCGCCCCA6TGCTGCAAT<aTACK^ 

CAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCC 
25 ATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAA 
CGTTGTTGCCATTGCTGCAG6CATCGT6GTGTCACGCTCGTCGTTT6GTATGGCTTCATTCAGCT 
CCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCC 
TTCGGTCCTCCGATCGTTGTCACAAGTAAGTTGGCCGCAGTCTTATCACTCATGGTTATGGCAGC 
ACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAA 

3 0 CCAAGTCATTCTGAGAATAGTGrATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAACACGGGAT 

AATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAA 
ACTCTCAAGGATCTTACCGCT6TTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGAT 
CTTCAGMTCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCA 
AAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATC 
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DNA sequence PP0115-R1 3878 b.p. complete sequence; 



CAGATCTGAGCTTGCCATTGCATACGTTGTATCCATATCATAATATGTACATTTATATTGGCTCA 
4 0 TGTCCAACATrACCCCCATGTTGACATTGATTArTGACTAGTTATTAAT AGTAATCAATTACGGG 

GTCATTAGrTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTG 
GCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCA 
ATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACA 
TCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGC 

4 5 ATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATC 
GCTATTACCATGGTGATGC66TTTT6GCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACG 
GGGATTTCCAAGTCTCCACCCCATTGACGTCAATG6GAGTTTGTTTTGGCACCAAAATCAACGGG 
ACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCfluTAGGCGTGTACGGTGG 
GAGGTCTATATAAGCAGAGCTCATCTCTTGCTCGGGGTCGCCGTCCTGCACATTGTTGTTGTGAC 

50 GTGCGGCCCAGAT7CGAATCTGTAATAAAACTTTTTTTTTTCTGAATCCTCAGATTGGCAGTGAG 
AGGAGATTTTGTTCGTGGTGTTGCCT6GCCTACTGGGTGGGCGCAGGGATCCGGACTGAATCCGT 
AGTACTTCGGTACAACATTTGGGGGCTCGTCCGGGATACCCTCCCCArCGGCAGAGGTGCCAACT 
GCnCTTCGAACTnCTTCGAACTCCGGCGCCGGTGAGTTAAGTACTTGATTTTGGTACCTCGCG 
AGGGTTTGGGAGGATCGGAGTGGTCCCGGGACGCTGCCGGGAAGCTCCACCTCCGCTCAGCAGGG 

55 GACGCCCTGACCTGAGCTCTGTGGTATCTGATT GTTGTTGAGCCG T CCC T AAGACGG T GAT ACTA 

AGTCGTGGCTT6TGTGTTTGTTTGTTGCCTTGTGTTTGTTCGTCGTTTGTCGACAGCGCCTT6CG 
AATTGGTGTACCCACACCGCCCGGCTTGCGAATAATACTTTGGAGAGCCTTTTGCCTCCAGTGTC 
TTCCGTCTGTACTCGTCCTCCTCTCCCTCTCCG6CCGCTCTAGAACTAGTGGATCCCCCGGGCTG 
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CAGGAATTCGATATCAAGCrTATCGATAAGCTCTAGGTCAATGGTTTGACCAGAACATACAAGAG 

CAGTGGGGAATGTGGGAGGGCCTCGAGGTCGGGGTCGCCGTCCTACACATTGTTGTTGTGACGTG 

CGGCCCAGATTCGAATCTGTAATAAAACCTTTTTTTAACTGAATCCTCAGATTGGCAGTGAGAGG 

AGATrTTGTTCGTGGTGTTGGCTGGCCTACTGGGTGGGCGCAGGGATCGATCCAGACATGATAAG 
5 ATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTTGTGAAA 

TTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTCCAATAAACAAGTTAACAACAACAAT 

TGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAAAGCAAGTAAAACCT 

CTACAAATCAAGCTGATCCCTGCCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATG 

CAGCTCCCCGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGG 
10 CGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCGCAGCCATGACCCAGTCACGTAGCGATAGCGGAG 

TGTATACTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTG 

AAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGCTCTTCCGCTTCCTCGCTCACT 

GACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACG 

GTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCA 
15 GGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCAC 

AAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCC 

CCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCT 

TTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAG 

GTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATC 
20 CGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTG 

GTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAAC 

TACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAA 

AAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCA 

AGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCT 
2 5 GACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTT 

CACCTAGArCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTT 

GGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTrCGTTCA 

TCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCT TACCAT CTGGCCC 

CAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGC 
30 CAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAAT 

TGTTGCCGGGAAGCTA6AGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGC 

TGCAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGAT 

CAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATC 

GTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCT 
35 TACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAG 
AATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAACACGGGATAATACCGCGCCACAT 
AGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTT 
ACCGCTGrTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTA 
CTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGG 
4 0 GCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAAT 
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I claim: 



1. A recombinant retrovirus vector having a U3-free 5' LTR, a 
partially deleted 3' LTR, all essential cis-acting sequences for replication, an 
internal promoter recognizable by a selected host cell, and a non-retroviral gene 
under the control of the recognized promoter wherein: 

(a) the U3-free 5' LTR is positioned 5' of the non-retroviral gene 
and has a transcriptional promoter and enhancer different from that of the original 
retroviral promoter and enhancer replacing the original U3 region of the 5 'LTR; 

(b) the partially deleted 3' LTR is positioned 3* of the non-retroviral 
gene and has no U3 sequences except for those required at the attachment site for 
viral integration; 

(c) an exogenous polyadenylation addition signal sequence 
recognized by the selected host cell and positioned on the vector 3' to the 3' LTR 
viral integration site; and 

(d) the internal recognized promoter is positioned adjacent to the 
non-retroviral gene on the vector to permit expression of the non-retroviral gene in 
the host cell; 

whereby the vector can produce progeny virus in a helper cell with 
the progeny virus being capable of infecting the selected host cell and forming a 
provirus in the host cell, with the non-retroviral gene being expressible in the host 
cell, but the provirus in the host cell will be replication incompetent even in the 
presence of a helper virus. 

2. A retrovirus produced by the recombinant retrovirus vector of 

claim 1. 



3. A host cell containing the provirus of claim 1. 
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